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Abstract 
 
In this short paper, an adaptive fuzzy control algorithm 
for a powered wheelchair is discussed that may be 
advantageous compared to conventional nonlinear 
saturation controllers. Stability of the proposed 
controllers has been derived using the Lyapunaov 
energy function. Design is simple and uses fuzzy rules 
and simple control strategies. Simulation results show 
that the control strategy reduces control effort. 
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Introduction 
 
A mathematical model of a powered wheelchair involves 
nonlinearities, coupling and un-certain system dynamics 
[1-4]. To overcome these problems, various adaptive 
control strategies have been adopted such as SISO and 
MIMO systems with guaranteed performance. The 
parametric uncertainty mainly occurs due to the variation 
in payloads and changing surface gradients and texture. 
Efforts have been made to develop control schemes to 
achieve precise tracking in the presence of parametric 
uncertainty. Adaptive control and nonlinear saturation 
control are two examples for dealing with parametric 
uncertainty [5,6]. 
 
Fuzzy control has shown potential as it can handle 
uncertainty.  Many results have been published in the 
area of design and stability of fuzzy control systems 
[3,7,8]. Efforts have been made to improve tracking 
performance of fuzzy controllers with adaptive 
algorithms [9].  Much research on adaptive fuzzy control 
of nonlinear dynamic systems can be found in [10]. 
 
In this short paper, the possibility of replacing the 
additional control law given in [2] by an equivalent 
control law based on a fuzzy-logic approach is explored. 
An equivalent adaptive fuzzy controller is proposed for 
trajectory tracking of a powered wheelchair with reduced 
control effort as well as reduced unwanted chattering in 
control force.  Initially, a fuzzy controller is designed 
from a simple fuzzy IF-THEN rule and then an adaptive 
control law is adopted to update the parameters of the 
fuzzy controller during the adaptation procedure.  That 
adaptive fuzzy controller along with simple PD control 
term is used to construct the final control torque for 
tracking control of robot manipulators joints. 
 
Controller Design 
 
The dynamic equation of a robot is described in 
[11]using an inertia matrix with vectors representing  
centrifugal and coriolis forces, and gravitational forces.  
It is skew-symmetric and linearly parameterizable as a 
constant p-dimensional parameter vector and is a matrix 
of known functions of the generalized coordinates and 
their higher derivatives. 
 
It is assumed that there exists an unknown bound on 
parametric uncertainty such that for any specific 
trajectory, there are desired positions, velocities, 
accelerations with defined position and velocity errors. 
The adaptive algorithm in [1] is useful for dealing with 
the parametric uncertainties involved. 
 
Reference velocity and accelerations can be defined and 
reference velocity error calculated. 
 
A nominal control law can be defined to represent fixed 
wheelchair parameters. 
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Gain matrices with positive definite diagonal matrices 
can be associated with the wheelchair and the control 
torque can be defined in terms of a nominal control 
vector with an additional control input that will be 
designed to achieve robustness to parametric uncertainty. 
 
Simple Fuzzy Logic Control 
 
The additional input parameter indicates the measure of 
uncertainty that may lead to higher controller gain.  To 
overcome this problem, different weights or gains can be 
assigned to each component and it is assumed there 
exists an upper bound on each parametric uncertainty.  
The control law can now be modified and nonlinear 
saturation control can act as an ON-OFF controller. 
 
It is possible to avoid hard switching and achieve a better 
performance if the input is graded. 
 
An additional control input was added with the help of 
“r” numbers of IF-THEN fuzzy rules to achieve 
robustness against parametric uncertainty.  A crisp value 
can be obtained after weighted average deffuzzification. 
 
An adaptive fuzzy logic controller can then be used as an 
additional control input to achieve robustness against 
parametric uncertainty.  For trajectory tracking, the error 
is uniformly bounded along the trajectory, that is the 
tracking errors and their derivatives converge to zero 
with the application of the additional control law in the 
presence of parametric uncertainties. 
 
Using the adaptive law, there exists a small positive 
scalar that can satisfy the inequalities [12], hence the 
closed-loop system is asymptotically stable and the 
position and velocity tracking errors converge to zero. 
 
The design procedure for the adaptive fuzzy controller 
can be summarized in following steps: 
 
Step 1: Obtain the parameter vector using fuzzy IF-
THEN Rules. 
 
Step 2: Use the simple adaptive law to compute an 
optimal (or good sub optimal) parameter vector. 
 
Step 3: Choose the gain matrix and obtain the final 
control torque. 
 
The simple model of the powered wheelchair 
 
In order to show effectiveness of the proposed controller, 
computer simulations were performed with a simple 2-D 
planar model of a wheelchair. The mass of the 
wheelchair and occupant were assumed to be 
concentrated over the driving wheels but due to the 
unknown actual loading on the motors, parameters were 
allowed to change to ensure asymptotic stability in the 
presence of parameter uncertainties. 
 
Design steps of the proposed adaptive fuzzy controller 
are: 
 
Step 1: Establish fuzzy IF-THEN rules. 
 
Step 2: Include the adaptive law. 
 
Step 3: Define the additional control input. 
 
Step 4: Compute the gain matrix and update it so as to 
meet the stability condition. 
 
Step 5: Obtain the control torque. 
 
The gain K of the PD term was updated over time and 
hence the proposed adaptive control scheme removed the 
disadvantage of using fixed large gain values. 
 
Simulation and testing 
 
Desired trajectories for both drive motors and simulation 
results showed an improved system response for a 
powered wheelchair based on the nonlinear saturation 
controller [2] and proposed adaptive fuzzy controller 
both when the wheelchair was on flat ground and when 
on a slope. 
 
The results of the proposed adaptive fuzzy controller 
were compared to fixed PD controller gains. 
 
In both cases, the tracking error responses were of a 
similar order and insensitive irrespective of the gradient 
and weight of the human operator.  Further was observed 
in the simulation that the proposed technique reduced the 
chattering effect in the control signals. A significant 
chattering in the control signal was noticed when a sharp 
turn is attempted, especially on a slope.  Simulation also 
showed that the proposed controller reduced the 
magnitude of input torque, that is it reduced control 
effort. 
 
Discussion 
 
The simple adaptive fuzzy control law for trajectory 
tracking reduced the chattering effect in the torque 
control signal 
 
The stability condition was derived based on the 
Lyapunov theorem and the advantages of fuzzy and 
adaptive control strategies were potentially combined. 
 
The implementation of the proposed simple controller 
was relatively straightforward because the fuzzy rules 
and control strategies were clear-cut and uncomplicated.   
 
Simulation results showed that the control scheme was 
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effective in reducing chattering in the torque control 
signals and control effort was less in comparison to the 
basic PID system. 
 
After using the prototype, volunteers rated the new 
system as very good, good, satisfactory, unsatisfactory 
and poor.  The average rating was satisfactory. 
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